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Abstract
Social and environmental factors are known risk factors and modulators of mental health disorders. We here conducted a non-systematic review of the neuroimaging literature studying the effects of poverty, urbanicity and community violence, highlighting the opportunities of studying non-Western, developing societies, such as those in Latin
America. Social and environmental factors in these communities are widespread and have a large magnitude, as well as an unequal distribution, providing a good opportunity for their characterization. Studying the effect of poverty in these settings could help explore the brain effect of economic improvements, disentangle the effect of absolute and relative poverty, and characterize the modulating impact of poverty on the underlying biology of mental health disorders. Exploring urbanicity effects in highly unequal cities could help identify the specific factors that modulate this effect, as well as examining a possible dose-response by studying mega-cities. Studying brain changes in those living among violence, which is particularly high in places such as Latin America, could help characterize the interplay between brain predisposition and exposure to violence. Furthermore, exploring the brain in an adverse environment will shed light on the mechanisms underlying resilience. We finally provide examples of two methodological approaches that could contribute to this field, namely a big cohort study in the developing world and a consortium-based meta-analytic approach, and argue about the potential translational value of this research on the development of effective social policies and successful personalized medicine in disadvantaged societies.
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-Introduction
Health is determined by biological factors such as genes, but also by the interactions with the social and physical environment (1) . Social determinants influence health at multiple levels (i.e., family, neighborhood or country) and at different times (critical stages, cumulative exposure), accounting for large part of the existing health inequalities (2) . There is an extensive literature exploring the relationship between social determinants and mental health problems. Exposure to negative social interactions such as bullying or maltreatment, or a lack of social contact, may both have an enduring effect in mental health (3) (4) (5) . The risk to develop psychiatric problems also depends on the wider social environment, such as the similarity of the person to their neighbors (6), the position within the social hierarchy (7), or the local gender policies (8) . Their effect is particularly clear in migration, when the network of social ties of the person is radically modified (9) . The wider environment also plays a role, with the prevalence of mental health problems varying across countries (10), urban and rural settings (11) , and even with the quality of the built environment (12) . While most of the evidence points to these factors increasing the risk of mental health problems, there is also evidence that they modulate the course of the illness, modifying their response to treatment or long-term prognosis (13, 14) .
The brain is a highly plastic organ, continuously shaped by everyday experience, and these changes can be seen with current techniques of brain imaging (15, 16) . Several studies have looked at the effect of the social and physical environment in the brain, which have been previously reviewed (17) (18) (19) (20) . We would like to contribute to this field M A N U S C R I P T
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by reviewing these studies from a different perspective, highlighting the importance and opportunities for non-Western, developing societies. As researchers based in Latin America, most of our examples will be based on this region. We will focus on three areas studied using neuroimaging that are particularly relevant for these communities:
the effect of poverty, urbanicity, and violence. As we will argue, the magnitude of these environmental factors and their unequal distribution in the population could provide a unique perspective. In the case of poverty, studies in these settings could explore the reversibility of brain changes after amelioration of economic deprivation, disentangle the potential role of relative and absolute poverty, and examine how poverty could modulate the underlying biology of mental health disorders. For urbanicity, the high inequality between neighborhoods could help identify specific mechanisms mediating the urbanicity effect, as well as exploring the dose-response effect in mega-cities. In the case of violence, it could shed light on the interplay between predisposing neural factors and response to violent life events. Finally, we would like to present ongoing approaches that could contribute to researching these factors in these communities, and discuss the potential translational value of these studies.
-Poverty and the brain
The effect of poverty on the brain has mostly focused on the developing brain, particularly highlighting a potential biological disadvantage of those in the deprived context (20) . Several studies have shown that growing in poverty is related to decreases in global cortical surface and whole-brain gray matter volume in the most deprived groups. While the changes found are global, they seem to be particularly concentrated M A N U S C R I P T
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in temporal and frontal lobes (21, 22) (Figure 1) . The hippocampus has been one of the structures examined in detail, with its volume being decreased in poverty (21, 23, 24) .
These structural changes appear to mediate part of the known academic disadvantage of children from lower socioeconomic status (25) .
Poverty affects the brain in a non-linear way, with those in the most deprived group experiencing the greatest changes (22) . Its influence on brain development is through different factors, such as increased risk of infectious diseases at young age, poor nutrition, lower parental education, inadequate nurturing, higher parental stress, poor access to healthcare and education, higher exposure to violence and pollution, etc... (26, 27) . All these factors are significantly higher in developing societies. More than 60% of children under 5 years old living in low-income countries are at high risk of poor development, four times higher than children from upper-middle-income countries (28). Furthermore, there is evidence that the disadvantages acquired at a young age when living in poverty in the developing world persist and even may increase through adulthood (29). On the other hand, an expected large brain effect of poverty in these communities also opens the possibility of studying the brain effect of an improvement in these conditions. One could hypothesize that hippocampal volume growth in children living in extreme poverty are likely after increases in the family income, ameliorating the brain differences separating them from children raised in non-deprived settings. This is M A N U S C R I P T interpretations suggesting a reverse causality between brain differences and poverty.
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Comparing the brain effect of poverty across communities with different levels of deprivation could shed light on its neural mechanisms. Less changes at the equivalent level of wealth across communities could suggest that the brain effect of poverty is not only related to absolute poverty (material deprivation), but also to the social status given by wealth (relative poverty). As such, poverty would be related to being a subordinated group (31). Studies on animals have accumulated evidence supporting this possibility (32). Previous study on humans have explored this dimension asking for a subjective assessment of their position in the social ladder, rather than measuring it in absolute terms through their possessions. Using this approach, they have shown changes in anterior cingulate related to social defeat in healthy subjects (33), and changes in amygdala reactivity to angry faces related to the perceived parental social status (34).
These results also suggest that social defeat could exert a brain effect through emotional and stress related mechanisms. One could hypothesize that the more unequal societies are, perhaps the larger this effect of perceived social defeat.
Intercultural studies comparing similarly rich (or poor) countries with different distribution of their wealth, such as Norway and the USA, or Brazil and Cuba, will help explore this.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
9
Studying cohorts from the developing world is also an opportunity to disentangle how poverty and mental health disorders interact. One line of evidence suggests that poverty has a causal role in the development of certain disorders. Several brain regions that are affected by a deprived upbringing are also involved in several disorders, which are known to have a higher prevalence in adverse conditions. For example, functional changes that co-occur in temporal regions in poor children have been related to the higher risk of depressive illness in this group (35). Structural changes in medial frontal regions have also been suggested to mediate the relationship between depressive symptoms and socioeconomic status in young adults (36). Similarly, frontal lobe changes seen in poor children have been associated to disruptive and conduct disorder (37, 38). This would suggest that the brain changes caused by poverty could mediate the higher risk of certain mental health disorders in these communities (39).
Poverty also has a role in modulating how we become unwell. There is some evidence that brains exposed to poverty would have less capacity to react against a new injury, 
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-Urbanicity and the brain
More than half of the world's population live in cities (43) , and this is still a growing trend. Living in a city, as opposed to rural settings, significantly increases your risk of developing a mental health problem, particularly for depression and anxiety disorders (44, 45) . Urban upbringing has been a main focus for a neurodevelopmental disorder such as schizophrenia (46), with Danish cohorts showing a higher risk in city-dwelling children (47, 48) . This effect is not as clear in epidemiological studies in lower or middleincome countries (49) , and it has been suggested that the urbanicity effect appears with increasing industrialization (50) . Imaging studies have shed light on how urbanicity modifies the brain, showing that an urban upbringing is related to changes in brain areas known to be involved in the pathophysiology of schizophrenia, such as the dorsolateral prefontal cortex (51) . Furthermore, social stress has been suggested to be the link between urbanicity and psychosis. A previous study has shown that living in a city increases amygdala reactivity to general stress, while urban upbringing during early age leaves a lasting impact in how we specifically process social stress, as indexed by a differential activation in the anterior cingulate in functional MRI (52) (Figure 2A ).
While social stress is a potential mediator of the urbanicity effect, it is likely that other factors also play a role, such as overcrowding, violence, contamination, or even the quality of the built environment (12) . Cities in the developing world are highly unequal in the distribution of many of these potential factors among their neighborhoods. It is not unusual to have pockets within the city where people live with economic and health M A N U S C R I P T
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standards that are similar to the developed world, standards which dramatically fall within just a few blocks. That increased variance within a city of potential factors causing the urbanicity effect could help in unravelling its mechanisms.
Another area in which imaging studies in the developing world can contribute is the brain effect of mega-cities, that is cities with over 10 million inhabitants (43) (Figure 2B ).
These mega-cities are mostly located in non-Western countries. More than 10% of the population in Latin American live in one (43) . One could examine whether there is a dose-response effect of urbanicity, mirroring the higher exposure to pollution, violence, or inequality of its inhabitants, contributing to the understanding of its mechanisms.
-Community violence and the brain
Exposure to violence is a known risk factor for the development of mental health problems. This is the case for post-traumatic stress disorder (53), but also for anxiety, depressive, and psychotic disorders, particularly in young people (54-57). Furthermore, exposure to violence not only makes people more susceptible to develop mental health problems, but it also decreases response rates to different treatments across several disorders (58-60).
Community violence, defined as violent acts within the neighborhood or community, but outside people's homes, have a significant impact in mental health (61) . Unfortunately, 
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As we have argued, imaging studies in the developing world will be able to explore brain mechanisms of adverse socio-environmental conditions, as well as the interaction between a vulnerable brain and an adverse environment. However, not all people who are exposed to such conditions develop mental health problems. Furthermore, some evidence also points out to significant structural and functional brain changes in those exposed to violence who do not necessarily develop symptoms (70, 71) . This raises the question about the role of resilience and protective factors. Some of these resilience factors might be characteristics of the individual, others might be shared within the community, such as the structure and type of family support. Regarding the latter, studies on children raised in poverty describe that positive family interactions prevent hippocampal volume deficits (21, 72) . Even support from grandparents has been shown to be beneficial for children (73) . Family structure in developing world communities tend to be more extensive, partly perhaps as a response to the adverse environment (74),
where support from the extended family could be the only resource people might be able to access (75) . Imaging studies in those communities will be able to examine whether family support buffers the brain effect of the adverse environment.
-The role of big cohort studies and meta-analytic approaches for exploring social and environmental factors in the developing world
Social determinants of health have a large effect in our mental health. However, a relatively large sample size for imaging studies is still required to demonstrate an effect on the brain. We have discussed how big cohort studies in the developed world have shed light on the developmental effect of social determinants, and ongoing large-scale M A N U S C R I P T
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14 epidemiological imaging studies will also certainly contribute to the field in the future (76, 77) . Latin American cities (82) . If successful, a similar approach could be used to study the brain effects of social determinants across the world, mirroring the ENIGMA consortium for genetic determinants (83) . Alongside the gain of power by pooling samples, the meta-analytic approach could use meta-regression to explore differences across communities. For example, it could help explore the absolute/relative effect of poverty, or the resilient effect of specific family structures in different communities.
-Translational impact of imaging social determinants
Imaging studies in developing world communities such as Latin America will be able to contribute to our understanding of the brain mechanisms of social and environmental factors. They might also inform effective public policies as well as personalized medicine approaches.
The case for improving people's lives who are in extreme poverty or exposed to violence does not need to be supported by imaging studies. However, we and others M A N U S C R I P T
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(84) would argue that knowing how adverse environments affect the brain will help tailor protective measures. The successful story of folate supplementation in protecting brain development is an example of that. Nutritional deficits can be varied, yet imaging research has shown that when supplemented at critical periods it has a long-lasting impact on the brain structure (85) . Imaging would also contribute to strategies trying to foster resilient mechanisms to counteract their deleterious effect, such as the modulating effect of good parenting on the hippocampal changes seen in poverty (72) .
We also previously mentioned the different trajectories observed with imaging in dementia according to educational level. Considering the projected impact dementia will have in low and middle-income countries (86), these results will stress further the need to improve education in the region. As is now recognized by institutions such as
UNICEF, understanding what, how, and when social determinants affect the brain will help maximize children's development around the world (87) . Studying the neurobiology of social factors will also contribute to our understanding of how they affect decision making. This has been particularly studied in the context of poverty and how it puts people "at risk of risks" (88) or makes them "behave poorly" (89) . Understanding the mechanisms of this "irrational" behavior could help remediate them and support economic growth (90) .
Studying the brain effect of social and environmental factors will also contribute to extending the potential biomedical benefits of new technologies to disadvantaged societies. Brain imaging has long aspired to inform the clinical management of our patients (91) , and personalized medicine approaches in imaging research are bringing it M A N U S C R I P T
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closer to the bedside (92, 93) . However, most (if not all) these algorithms are tested in developed societies, where these social factors have potentially lesser impact on the brain as we have argued. If we do not include the social and environmental factors in the algorithms, it is likely that these techniques will not work on developing societies.
Perhaps they might be helpful in the subgroup of the upper classes within these societies, whose living-standards are like those in the developed world. As such, understanding how social factors affect the brain will be essential for the success of these algorithms in these societies, and hinder some of the enduring inequalities in health to perpetuate further.
-Conclusions
Studying the brain effect of social and environmental factors using neuroimaging is an important area of research to advance in our understanding of mental health disorders.
Developing world communities appear as promising settings to address these questions, because of their high prevalence, high inequality in its distribution, and large effect. Understanding the social and environmental factors in brain dysfunction will help the development of more effective social policies and personalized medicine approaches in these societies.
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